
Europaisches  Patentamt  

European  Patent  Office  @  Publication  number:  0  0 0 4   8 6 4  

Office  europeen  des  brevets  A 1  

©  EUROPEAN  PATENT  APPLICATION 

(g)  Application  number:  79100761.0  Int.  CI.2:  B  21  D  3 9 / 2 0  

_   B  21  D  3 9 / 0 6  
@  Date  of  filing:  14.03.79 

@  Priority:  14.04.78  US  896532  @  Applicant:  WESTINGHOUSE  ELECTRIC  CORPORATION 
Westinghouse  Building  Gateway  Center 
Pittsburgh  Pennsylvania  15222(US) 

(43)  Date  of  publication  of  application: 
31.10.79  Bulletin  79/22  (72)  Inventor:  Cooper,  Frank  William,  Jr. 

115  Himalaya  Road 
(&)  Designated  Contracting  States:  Monroeville  Pennsylvania(US) 

CH  DE  FR  SE 
(74)  Representative:  Holzer,  Rupprecht,  Dipl.-lng. 

Philippine-Welser-Strasse  14 
D-8900  Augsburg(DE) 

(3)  Mandrel  for  hydraulically  expanding  a  tube  into  engagement  with  •  tubesheet. 

(57)  A  mandrel  (1)  for  hydraulically  expanding  tubes  (3)  into  ~  
engagement  with  a  tubesheet  (5),  wherein  the  body  (7)  of  the  | 
mandrel  is  flexible  and  preferably  has  an  electrically  isolating 
impermeable  layer  (12)  and  an  eddy  current  coil  (33)  adjacent 
the  leading  end  thereof,  the  tube  (3)  into  which  the  mandrel 
(1)  is  placed  and  the  body  (7)  of  the  mandrel  (1)  serving  as 
leads  for  operating  the  eddy  current  coil  (33)  in  order  to 
determine  when  the  leading  end  of  the  mandrel  (1)  is 
adjacent  the  inner  edge  of  the  tubesheet  (5).  With  such  a 
mandrel,  also  remote  and  obstructed  tube  can  be  reached 
and  the  mandrel  can  be  properly  positioned  therein. 
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A   mandrel  (1)  for  hydraulically  expanding  tubes  (3)  into 
engagement  with  a  tubesheet  (5),  wherein  the  body  (7)  of  the 
mandrel  is  flexible  and  preferably  has  an  electrically  isolating 
impermeable  layer  (12)  and  an  eddy  current  coil  (33)  adjacent 
the  leading  end  thereof,  the  tube  (3)  into  which  the  mandrel 
(1)  is  placed  and  the  body  (7)  of  the  mandrel  (1)  serving  as 
leads  for  operating  the  eddy  current  coil  (33)  in  order  to 
determine  when  the  leading  end  of  the  mandrel  (1)  is 
adjacent  the  inner  edge  of  the  tubesheet  (5).  With  such  a 
mandrel,  also  remote  and  obstructed  tube  can  be  reached 
and  the  mandrel  can  be  properly  positioned  therein. 



T h i s   i n v e n t i o n   r e l a t e s   t o  a  m a n d r e l   f o r   h y d r a u l -  

i c a l l y   e x p a n d i n g   t u b e s   in  a  t u b e   s h e e t   of  a  h e a t   e x c h a n g -  

e r .  

U .S .   P a t e n t s   3 , 9 7 7 , 0 6 8   and  3 , 9 7 9 , 8 1 0   d e s c r i b e   a  

s i m p l e   m a n d r e l   and  m e t h o d   f o r   h y d r a u l i c a l l y   e x p a n d i n g  

t u b e s   i n t o   e n g a g e m e n t   w i t h   a  t u b e s h e e t . .   The  u s e   of  s u c h  

m a n d r e l s   as  d e s c r i b e d   t h e r e i n   a r e   n o t   s a t i s f a c t o r y   as  i t  

i s   i m p o s s i b l e   to  r e a c h   s p a c e s   w i t h   o b s t r u c t i o n   and  i t   i s  

d i f f i c u l t   to  d e t e r m i n e   e x a c t l y   w h e r e   t h e   end  of   t h e   m a n -  
d r e l   i s   l o c a t e d . .  

When  e x p a n d i n g   a  t u b e   h y d r a u l i c a l l y ,   t h e   p o r t i o n  

of   t h e   t u b e   e x p a n d e d   mus t   be  w i t h i n   t h e   t u b e s h e e t   as  t h e  

p r e s s u r i z e d   f l u i d   u t i l i z e d   c a u s e s   t h e   t u b e   to  y i e l d   and  i f  

t he   t u b e   i s   n o t   b a c k e d   up  by  the   t u b e s h e e t ,   i t   w i l l   b u r s t .  

When  h y d r a u l i c a l l y   e x p a n d i n g   a  t u b e   in  a  v e r y   t h i c k   t u b e -  

s h e e t   c l a d   w i t h   a  n o n - c o r r o s i v e   m a t e r i a l   on  a t   l e a s t   o n e  

s i d e ,   t h e   t h i c k n e s s   of  t he   t u b e s h e e t   v a r i e s   so  t h a t   o b -  

t a i n i n g   e x p a n s i o n   g e n e r a l l y   t h r o u g h o u t   t h e   p o r t i o n   i n  

w h i c h   t he   t u b e   and  t u b e s h e e t   a r e  c o n t i g u o u s   r e q u i r e s   v e r y  

a c c u r a t e   p o s i t i o n i n g   of  the   m a n d r e l .   S i n c e   one  of   t h e  

r e a s o n s   f o r   f u l l - l e n g t h   e x p a n s i o n   of   a  t u b e   in   a  t u b e s h e e t  

i s   to  e l i m i n a t e   c r e v i c e   c o r r o s i o n   a d j a c e n t   t h e   i n n e r   e d g e  

of  t h e   t u b e s h e e t ,   a c c u r a t e   p o s i t i o n i n g   of   t h e   l e a d i n g   e n d  

of   t h e   m a n d r e l   i s   c r i t i c a l .   U t i l i z i n g   a  s t o p   on  t h e  

t r a i l i n g   end  of  t he   m a n d r e l   does.  n o t   p r o v i d e   s u f f i c i e n t l y  

a c c u r a t e   p o s i t i o n i n g   of  t he   l e a d i n g   end  of   t h e   h y d r a u l i c  

e x p a n d e r   r e l a t i v e   to  t he   i n n e r   edge   of   t he   t u b e s h e e t .  



I t   i s   t h e r e f o r e   t he   p r i n c i p a l   o b j e c t   of   t h e  

p r e s e n t   i n v e n t i o n   to  p r o v i d e   a  m a n d r e l   f o r   h y d r a u l i c a l l y  

e x p a n d i n g   a.  t u b e   i n t o   e n g a g e m e n t   w i t h   a  t u b e s h e e t ,   w h i c h  

m a n d r e l   can   be  b r o u g h t   to  i t s   p r o p e r   p o s i t i o n   w i t h i n   a  

t u b e   and  w h i c h   can  be  i n s e r t e d   i n t o   t u b e s   w h i c h   a r e   n o t  

e a s i l y   a c c e s s i b l e .  

W i t h   t h i s   o b j e c t   in  v i e w ,   t h e   p r e s e n t  i n v e n t i o n  

r e s i d e s   in  a  m a n d r e l   f o r   h y d r a u l i c a l l y   e x p a n d i n g   a  t u b e  

i n t o   e n g a g e m e n t   w i t h   a  t u b e s h e e t ,   s a i d   m a n d r e l   c o m p r i s i n g  

a  body  p o r t i o n   h a v i n g   a  l e a d i n g   and  a  t r a i l i n g   end  w i t h  

e l a s t o m e r   s e a l i n g   m e m b e r s   a s s o c i a t e d   w i t h   s a i d   e n d s   a n d  

means   d i s p o s e d   in   s a i d   t r a i l i n g   end  f o r   i n t r o d u c i n g   p r e s -  
s u r i z e d   f l u i d   i n t o   t h e   s p a c e   b e t w e e n   s a i d   s e a l i n g   m e m b e r s  

c h a r a c t e r i z e d   in   t h a t   s a i d   body  p o r t i o n   c o m p r i s e s   a  f l e x -  

i b l e   s t r u c t u r e   d i s p o s e d   b e t w e e n   t h e   l e a d i n g   and  t r a i l i n g  

ends   so  as  to   f i t   i n t o   t u b e s   a d j a c e n t   an  o b s t a c l e .  

The  i n v e n t i o n   w i l l   become  more   r e a d i l y   a p p a r e n t  

r e a d i n g   t h e   f o l l o w i n g   d e s c r i p t i o n   of   a  p r e f e r r e d   e m b o d i -  

ment   t h e r e o f   s h o w n ,   by  way  of  e x a m p l e   o n l y ,   in   t h e   a c c o m -  

p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g u r e   1  i s   a  p a r t i a l   s e c t i o n a l   v i e w   of   a  m a n -  

d r e l   f o r   h y d r a u l i c a l l y   e x p a n d i n g   a  t u b e ,   t h e   m a n d r e l   i s  

shown  p a r t i a l l y   i n s e r t e d   i n t o   a  t u b e   in   a  t u b e s h e e t ;  

F i g .   2  i s   a  p a r t i a l   s e c t i o n a l   v i e w   of   an  a l t e r -  

n a t e   e m b o d i m e n t   of   a  m a n d r e l   f o r   h y d r a u l i c a l l y   e x p a n d i n g   a  

t u b e ,   t he   m a n d r e l   i s   shown  p a r t i a l l y   i n s e r t e d   in   a  t u b e   i n  

a  t u b e s h e e t ;   a n d  

F i g .  3   i s   a  p a r t i a l   s e c t i o n a l -  v i e w   of   a  m a n d r e l  

s h o w i n g   t h e   e l e c t r i c a l   c i r c u i t r y   of  an  eddy   c u r r e n t   c o i l  

d i s p o s e d   in   t h e   l e a d i n g   end  of  t he   m a n d r e l .  

As  shown  in   F i g .   1,  a  m a n d r e l   1  f o r   h y d r a u l i -  

c a l l y   e x p a n d i n g   a  t u b e   3  i n t o   e n g a g e m e n t   w i t h   a  t u b e s h e e t  

5  of  a  h e a t   e x c h a n g e r   c o m p r i s e s   a  body   p o r t i o n   7  h a v i n g  

l e a d i n g   and   a  t r a i l i n g   end  p o r t i o n s   9  and  11,   r e s p e c t i v e -  

l y .   The  b o d y   p o r t i o n   7  i s   c o a t e d   or   c o v e r e d   w i t h   a n  

e l e c t r i c a l l y   i s o l a t i n g   i m p e r m e a b l e   m e m b r a n e   12  s u c h   a s  

n y l o n   or   w i t h   some  o t h e r   e l e c t r i c a l l y   i s o l a t i n g   m a t e r i a l  

s u c h   as  a  c e r a m i c .  



E l o n g a t e d   g r o o v e s   13  and  15  a r e   d i s p o s e d   a d j a -  
c e n t   t he   e n d s   9  and  11,  r e s p e c t i v e l y ,   of  t h e   b o d y   7 .  

E l a s t o m e r   s e a l   r i n g s   17  and  19  h a v i n g   a  C - s h a p e d   c r o s s  
s e c t i o n   or  o t h e r   s e a l i n g   means   s u c h   as  0 - r i n g s   a r e   d i s -  

p o s e d   on  t h e   i n - b o a r d   end  of  t he   g r o o v e s   13  and  15,   r e -  

s p e c t i v e l y ,   so  t h a t   t he   o p e n i n g s   of   t he   s e a l s   17  and  19  

f a c e   e a c h   o t h e r .   B a c k - u p   r i n g s   21  and  23  f o r m e d   f rom  a  

t o u g h   e l a s t o m e r   s u c h   as  p o l y u r e t h a n e   a r e   a l s o   d i s p o s e d   i n  

the   g r o o v e s   13  and  15,  r e s p e c t i v e l y ,   o u t b o a r d   of   t h e  

C - s h a p e d   s e a l   r i n g s   17  and  19.  The  t r a i l i n g   end  11  of   t h e  

body  7  has   a  c e n t r a l l y - d i s p o s e d   b o r e   25  and  p o r t   27  p r o -  
v i d i n g   means   f o r   a d m i t t i n g   p r e s s u r i z e d   f l u i d ,   d e m i n e r a l -  

i z e d   w a t e r ,   to  t h e   a r e a   b e t w e e n   t h e   s e a l   r i n g   17  and   1 9 ,  
t he   m e m b r a n e   12  and  the   t u b e   3,  w h e r e b y   p r e s s u r i z e d   f l u i d  

is   t r a p p e d   in   o r d e r   to  e x p a n d   t h e   t u b e   i n t o   e n g a g e m e n t  
w i t h   t he   t u b e s h e e t .  

A  p l a s t i c   s l e e v e   29  i s   d i s p o s e d   on  t h e   l e a d i n g  

e n d  9   of  t h e   b o d y   7  o u t b o a r d   of  t h e   g r o o v e   13.  The  s l e e v e  

29  i s   made  of   n y l o n   or  some  o t h e r   n o n - m a g n e t i c   and  n o n -  

c o n d u c t i n g   m a t e r i a l .   A  c i r c u m f e r e n t i a l   g r o o v e   31  i s  

d i s p o s e d   in  t h e   o u t e r   s u r f a c e   of   t h e   s l e e v e   29  and  an  e d d y  

c u r r e n t   c o i l   33  wound  on  a  p h e n o l i c   c o r e   w i t h   a  s t a i n l e s s  

s t e e l   s p a c e r   r i n g   d i s p o s e d   in  t h e   g r o o v e   3 1 .  

As  shown  in  F i g .   3,  t h e   c o i l   has   two  l e a d s   35  

and  37.  One  of  t he   l e a d s   35  i s   e l e c t r i c a l l y   c o n n e c t e d   t o  

the   body  7.  The  o t h e r   l e a d   37  f o r m s   a  f i n g e r   or  c o n t a c t  

w h i c h   makes   c o n t a c t   w i t h   t he   t u b e   3.  A  n o n - m a g n e t i c  

s h i e l d   40  made  of  a u s t h e n t i c   s t a i n l e s s   f e e l   i s   d i s p o s e d   t o  

s u p p o r t   t h e   s l e e v e   29  and  to  p r e v e n t   t he   f o r m a t i o n   of   a n  

i n t e r f e r i n g   f i e l d   in  t h e   v i c i n i t y   of  t he   c o i l   33.   An 

e l e c t r i c a l   s i g n a l   h a v i n g   a  f r e q u e n c y   of  a p p r o x i m a t e l y   10  

KHz  is   a p p l i e d   to  t he   c o i l   and  by  m o n i t o r i n g   t h e   r e s p o n s e  

to  t he   s i g n a l   an  i n d i c a t i o n   of  t h e   r e l a t i o n s h i p   b e t w e e n  

the   i n n e r   e d g e   of  t he   t u b e s h e e t   and  t he   eddy  c u r r e n t   c o i l  

can  be  a s c e r t a i n e d   w i t h   a  h i g h   d e g r e e   of  a c c u r a c y .   So  

t h a t   when  a  p r e d e t e r m i n e d   r e s p o n s e   i s   i n d i c a t e d ,   p r e s s u r -  
i z e d   f l u i d   can   be  s u p p l i e d   v i a   t h e   p o r t   27  to  e x p a n d   t h e  

p o r t i o n   of   t h e   t u b e   c o n t i g u o u s   w i t h   t he   t u b e s h e e t   a n d  



a d j a c e n t   t h e   i n n e r   edge   of   t h e   t u b e s h e e t .  

A  t u b e   w i p e r   39  h a v i n g   a  f r u s t o c o n i c a l   p o r t i o n  

41  and  made  of  a  h i g h - d e n s i t y   p o l y m e r   i s   d i s p o s e d   on  t h e  

l e a d i n g   end  9  o u t b o a r d   of  t h e   s l e e v e   29  t o g e t h e r   w i t h   a  

b u l l e t - s h a p e d   n o s e   c o n e  4 3   made  o f   a  p o l y m e r   s u c h   a s  

n y l o n .   Both   the   w i p e r   39  and  t h e   n o s e   cone   43  a r e   h e l d   i n  

p l a c e   'by  a  b r a s s   m a c h i n e   s c r e w   45  w h i c h   i s   u t i l i z e d   t o  

a s s u r e   e l e c t r i c a l   c o n t a c t   b e t w e e n   t h e   b o d y  a n d   t h e  l e a d   o f  

t h e   eddy  c u r r e n t   c o i l .  

The  t r a i l i n g   end  1 1  o f   t h e   m a n d r e l   has   a  p o r t i o n  

47  w h i c h   i s   n o t  c o a t e d   or   c o v e r e d   b y  a  m e m b r a n e   o r  a n  

e l e c t r i c a l l y   i s o l a t i n g   m a t e r i a l   and  t h r o u g h   w h i c h   e l e c t r i -  

c a l   c o n t a c t   i s   made  to  t h e   one  l e a d   o f   t h e   eddy  c u r r e n t  

c o i l   3 3 .  

As  shown  in  F i g .   2,  a  m a n d r e l   1'  has   a  body   7 '  

w h i c h   c o m p r i s e s   a  c o u n t e r w o u n d   s t r a n d e d   s t a i n l e s s   s t e e l  

c a b l e   or  w i r e   r o p e   51  d i s p o s e d   b e t w e e n   end  p o r t i o n s   9'  a n d  

1 1 ' .   The  end  p o r t i o n s   9'  and  11 '   a r e   w e l d e d   to  t he   c a b l e  

5 1 .  A n   i m p e r m e a b l e   m e m b r a n e   1 2 ' ,   f o r m e d   of  a  m a t e r i a l  

s u c h   as  n y l o n ,   i s   c o n t i n u o u s   o v e r   t h e   end  p o r t i o n s   9'  a n d  

11 '   and  t h e   c a b l e   51  p r e v e n t i n g   t h e   p r e s s u r i z e d   f l u i d   f r o m  

p e n e t r a t i n g   t he   c a b l e   51.  I f   t h e   p r e s s u r i z e d   f l u i d   p e n e -  
t r a t e d   t he   c a b l e   51,   t h e   c a b l e   c o u l d   n o t   w i t h s t a n d   t h e  

f o r c e s   e x e r t e d   on  t he   end  p o r t i o n s   by  t h e   p r e s s u r i z e d  

f l u i d .   The  f l e x i b l e   c a b l e   51  a l l o w s   t h e   m a n d r e l   1'  to  f i t  

i n t o   a  t u b e   d i s p o s e d   a d j a c e n t   an  o b s t a c l e   s u c h   as  a  h e m i -  

s p h e r i c a l   w a l l   e v e n   t h o u g h   t h e   m a n d r e l   1'  i s   v e r y   l o n g .  

The  m a n d r e l s   h e r e i n b e f o r e   d e s c r i b e d   may  b e  

u t i l i z e d   r e p e a t e d l y   to  h y d r a u l i c a l l y   e x p a n d   t u b e s   i n t o  

e n g a g e m e n t   w i t h   t h e   t u b e s h e e t   and  may  be  p o s i t i o n e d   v e r y  

a c c u r a t e l y   w i t h   r e s p e c t   to   t h e   i n n e r   e d g e   of  t he   t u b e s h e e t  

r e s u l t i n g   in  t he   t u b e s   b e i n g   e x p a n d e d   i n t o   e n g a g e m e n t   w i t h  

t h a t   p o r t i o n   of  t h e   t u b e s h e e t   w h i c h   i s   a d j a c e n t   to  t h e  

i n n e r   edge   t h e r e o f .  



1.  A  m a n d r e l   f o r   h y d r a u l i c a l l y   e x p a n d i n g   a  t u b e  

i n t o   e n g a g e m e n t  w i t h   a  t u b e s h e e t ,   s a i d   m a n d r e l   c o m p r i s i n g  

a  body   p o r t i o n   h a v i n g   a  l e a d i n g   and  a  t r a i l i n g   end  w i t h  

e l a s t o m e r   s e a l i n g   m e m b e r s   a s s o c i a t e d   w i t h   s a i d   e n d s   a n d  

means   d i s p o s e d   in   s a i d   t r a i l i n g   end  f o r   i n t r o d u c i n g   p r e s -  
s u r i z e d   f l u i d   i n t o   t h e   s p a c e   b e t w e e n   s a i d   s e a l i n g   m e m b e r s ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   body   p o r t i o n   (7)   c o m p r i s e s   a  

f l e x i b l e   s t r u c t u r e   d i s p o s e d   b e t w e e n   t he   l e a d i n g   and  t r a i l -  

i ng   e n d s   (9 ,   11)  so  as  to  f i t   i n t o   t u b e s   a d j a c e n t   a n  

o b s t a c l e .  

2.  A  m a n d r e l   as  c l a i m e d   in  c l a i m   1,  c h a r a c t e r -  

i z e d   in   t h a t   s a i d   f l e x i b l e   s t r u c t u r e   i s   a  s t r a n d e d   c a b l e  

(51 )   w i t h   a  l a y e r   o f  a n   i m p e r m e a b l e   m a t e r i a l   e x t e n d i n g  

c o n t i n u o u s l y   o v e r   t h e   f l e x i b l e   s t r u c t u r e   and  s a i d   e n d s   ( 9 ,  

1 1 ) .  

3.  A  m a n d r e l   as  c l a i m e d   in  c l a i m   2,  c h a r a c t e r -  

i z e d   in  t h a t   an  eddy  c u r r e n t   c o i l   (33)   i s   d i s p o s e d   in  t h e  

l e a d i n g   end  (9)  of  t he   body   f o r   i n d i c a t i n g   t h e   p o s i t i o n   o f  

t he   c o i l   (33)   r e l a t i v e   to  t h e   edge   of  t h e   t u b e s h e e t   ( 5 )  

and  s a i d   l a y e r   of   i m p e r m e a b l e   m a t e r i a l   i s   a l s o   an  e l e c t r i -  

c a l l y   i n s u l a t i n g   m a t e r i a l ,   s a i d   eddy  c u r r e n t   c o i l   ( 3 3 )  

h a v i n g   two  l e a d s ,   one  of   w h i c h   i s   e l e c t r i c a l l y   c o n n e c t e d  

to  t h e   body   (7)  of   t h e   m a n d r e l   and  t h e   o t h e r   of   w h i c h   i s  

in  e l e c t r i c a l   c o n t a c t   w i t h   t he   t u b e   ( 3 ) .  

4.  A  m a n d r e l   as  c l a i m e d   in  c l a i m   3,  c h a r a c t e r -  

i z e d   in  t h a t   a t   l e a s t   one  f i n g e r   (37)   i s   u t i l i z e d   to  m a k e  

e l e c t r i c a l   c o n t a c t   b e t w e e n   the   o t h e r   l e a d   of   t he   e d d y  

c u r r e n t   c o i l   ( 33 )   and  t he   t u b e   ( 3 ) .  



5.  A  m a n d r e l   as  c l a i m e d   in   c l a i m   2,  3,  or  4 ,  

c h a r a c t e r i z e d   in   t h a t   a  n o n - m a g n e t i c   s l e e v e   (29)   i s   d i s -  

p o s e d   o v e r   t he   l e a d i n g   end  (9)  of   t h e   body   (7)  and  s a i d  

eddy  c u r r e n t   c o i l   (33)   i s   d i s p o s e d   in   a  c i r c u m f e r e n t i a l  

g r o o v e   (31)   in   s a i d   s l e e v e   ( 2 9 ) .  
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